Introduction
In polymeric second-order nonlinear optical (NLO) materials it is dispensable that the structure of the orientated NLO chromophores in polymer formed by electric field is stable even under relatively higher temperature. Two experimental approaches have been investigated to stabilize the structure [ 1 ] . One is to prepare polymers bearing NLO chromophores with high glass transition temperature (Tg). Another is to prepare polymers which can be crosslinked, either thermally or photochemically.
Here, we attempted to obtain a thermally stable NLO polymer by photopolymerization of a mixed liquid crystal (LC) of LC diacrylate monomer and NLO diacrylate monomer exhibiting no liquid crystallinity under electric field. Novel double-end crosslinkable NLO diacrylate monomers, 4-[(N-6-acryloyloxyhexyl-N-methyl)amino]-4'- (6-acryloyloxyhexylsulfonyl) azobenzene (BAASA) and 4-(6-acryloyloxyhexyloxy)-4'-(6-acryloyloxyhexylsulfonyl) azobenzene (BAOSA) as well as LC diacrylate monomers, 4,4'-bis(3-acryloyloxypropoxy)biphenyl (BAOOB3) and phenylene-bis [4-(8- 
Poling and photopolymerization of monomers
A mixture of NLO monomer, LC monomer and BME as photosensitizer (2wt% to monomer) was introduced by melting into a sandwich type cell (thickness, 5µm), consisting of two ITO-coated glass sheets on which an electrode pattern was formed. Photopolymerizations of the monomer mixtures were performed by UV irradiation using 500W high-pressure mercury lamp at a predetermined temperature with or without contact poling at 80kV/cm.
Second harmonic generation (SHG) of polymers
The SHG of the polymers in the cell was measured by Maker-fringe method using Q-switched Nd-YAG laser (1064nm, 8ns, IOmJ/pulse). The secondorder nonlinear susceptibility (x332') was obtained in usual manner.
Results and Discussion
BAOSA and BAASA have mesogenic skeletons and are expected to show liquid crystallinity. However, contrary to the expectation, thermal and optical measurements indicated that these NLO monomers do not show liquid crystallinity. Therefore, we attempted to prepare some mixed LCs [8] by mixing BAOSA or BAASA with BAOOB3 or PAOB which is know as liquid crystalline mono- [5, 7] , in the presence of BME.
Polarized microscopic observation of BAOOB3 in cooling process indicated that BAOOB3 shows isotropic phase at above 75°C, smectic LC phase at 5157°C and crystalline phase at below 51 °C, respectively. For BAASA/BAOOB3 mixture smectic LC phase was observed at the molar ratio of 119 in narrow temperature range of 5259°C, while only transition to crystalline phase was observed at the molar ratio of 218. In the case of BAOSA/ BAOOB3 mixture, smectic LC phase was observed at the molar ratio of 1/9 (4968°C) as well as 2/8 (4057°C). BAOSA/BAOOB3 (2/8) mixture was melted at 90°C, then cooled to 50°C forming smectic LC phase. After which, photopolymerization was conducted by UV irradiation for 5min. The LC texture of the resultant polymer film was the same as original one even under heating at 90°C, indicating that the mixed LC texture was fixed by photopolymerization (photocrosslinking). However, the polymer film formed by the photopolymerization conducted under poling at 80kV/cm and 50°C did not exhibit appreciable SH intensity. Since this mixed LC shows only high order smectic phase whose fluidity is very poor, BAOSA possibly could not be ordered by poling in BAOOB3 matrix. Polarized microscopic observation of PAOB in cooling process indicated that PAOB shows isotropic phase at above 143°C, nematic LC phase at 109143°C, smectic LC phase at 79109°C and crystalline phase at below 79°C, respectively. The phase diagrams of BAOSA/PAOB mixtures and BAASA/ PAOB mixtures are shown in Figure 1 and 2, respectively. These Figures demonstrate that the mixed LC of PAOB and BAASA or BAOSA shows both nematic and smectic phases. As expected, the mixed LC of BAOSA/PAOB showed nematic phase in relatively wide temperature range compared to the case of the mixed LC of BAASA/PAOB. The BAOSA/ PAOB (119) mixture was melted at 140°C, then cooled to 129°C forming nematic LC phase. After which, photopolymerization was conducted by UV irradiation for 5min. The LC texture of the resultant polymer film was the same as original one even under heating at above 140°C, indicating that the mixed LC texture was fixed by photocrosslinking reaction. Three types of photopolymerizations for BAOSA/ PAOB (1/9) mixture were conducted as follows :
(1) Under poling at 80kV/cm the mixture was melted at 140°C, then cooled to 129°C forming nematic LC phase. After which, photopolymerization was conducted by UV irradiation for 5min followed by cooling to room temperature.
(2) Photopolymerization under poling was conducted at 140°C (isotropic phase) for 5min, then cooled to room temperature.
(3) Photopolymerization was conducted by the same condition as used in (1), except that poling process was omitted. The x33~2~ values of the polymer films thus obtained are compared in Table 1 , together with experimental conditions. It is notable that the 1~33~2) value of polymer obtained via nematic LC phase under poling (method (1)) exhibits one order larger than that of polymer obtained via isotropic phase under poling (method (2) ) and that the polymer obtained without poling does not exhibit SHG activity even though polymerization proceeded in nematic LC phase (method (3)). As anticipated, the x33~2~ value of polymer obtained by the method (1) did not change after standing for more than 100h.
Thus, these results indicated that in poling process the use of LC is very effective to obtain excellent and thermally stable noncentrosymmetric architecture of NLO chromophores. Reference 1.
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